Efficacy and safety comparison of nabpaclitaxel plus S-1 and gemcitabine plus S-1 as first-line chemotherapy for metastatic pancreatic cancer Results: AS was associated with a prolonged median time to progression (TTP; 7.1 months, 95% CI, 4.5-9.7 vs. 3.6 months, 95% CI, 1.8-5.4; P value = 0.022) and improved median overall survival (OS; 10.2 months, 95% CI, 9.1-11.3 vs. 6 months, 95% CI, 4.2-7.8; P value <0.001) compared with GS. In cox proportional hazards model, treatment regimen was the only variable to be significantly associated with improvements in both TTP and OS. Subgroup analyses based on HER2 expression showed that AS seemed to have better outcome of OS in HER2 positive patients (HR = 0.168; 95% CI, 0.022-1.27; P value = 0.084). Hematological adverse events were commonly seen in both group (12.5% and 22.7%, GS and AS group, Grade 3 or 4; P value = 0.675) while AS got increased risk of sensory neuropathy (6 of 22 patients in AS, 27.3% vs. 0 of 16 patients in GS, all grade; P value = 0.03). Conclusions: AS could be an effective treatment regimen for metastatic pancreatic cancer under surveillance of toxicity.
Introduction
Pancreatic ductal adenocarcinoma (PDAC) is the seventh leading cause of cancer-related death in the world (1) . In 2015, there were 90 100 newly diagnosed patients, while 79 400 patients were died of pancreatic cancer in China (2) .
Surgical resection is the only potential curative care. Unfortunately, because of late presentation of relative symptoms, only 15-20% of patients are eligible for surgery. For locally advanced and metastatic pancreatic cancer, Fluorouracil (FU)-based chemotherapy was the mainstay of treatment since the 1950s (3) . Gemcitabine was the first chemotherapeutic drug shown to be superior to 5-FU in terms of increasing overall survival (OS), but the prognosis remains grim (4) . Thus, researchers were eager to explore more effective combination regimen, either gemcitabine or FU-based.
The superiority of short-term infusional FU, leucovorin, oxaliplatin and irinotecan (FOLFIRINOX) over gemcitabine monotherapy was suggested in randomized Phase II and then Phase III clinical trial. However, treatment-related toxicity was also significantly worse with FOLFIRINOX (5, 6) . For gemcitabine-based regimen, at least four randomized clinical trials have directly compared gemcitabine plus S-1 with gemcitabine alone. All have shown that combination therapy significantly improved progression free survival (PFS) and objective response rate (ORR) but also associated with greater treatment-related toxicity. Besides, three of the four did not show a survival advantage to combined therapy (7) (8) (9) (10) (11) . The multi-national MPACT trial recruited 861 patients with previously untreated metastatic pancreatic adenocarcinoma. The trial showed that combination of nabpaclitaxel (Abraxane) and gemcitabine, compared with gemcitabine alone, was associated with significantly higher ORR (23 vs. 7%), and significantly longer OS (8.5 vs. 6.7 months) and PFS (5.5 vs. 3.7 months) while Grade 3 or 4 adverse events were seen more often with combination therapy (12) . In GEST and JASPAC01, rate of chemotherapy-related adverse events especially hematologic toxicity is lower in S-1 monotherapy comparing with gemcitabine alone (10, 13) . Therefore, we wonder whether S-1 will be a better alternative combined with nabpaclitaxel.
In preclinical model, the researches of our team and Suenaga et al. both showed that S-1 plus nabpaclitaxel exerted better antitumor activity than that of the single agent (14, 15) . Meanwhile, we found that efficacy of nabpaclitaxel was better in HER2-positive xenograft mouse model (14) . Besides, a recent published Phase II clinical trial demonstrated that S-1 plus nabpaclitaxel got encouraging ORR and manageable toxicities (16) .
In the present study, we compared the efficacy and safety of first-line therapy with either gemcitabine plus S-1 (GS) or nabpaclitaxel plus S-1 (AS) for metastatic pancreatic cancer. Additionally, we conducted a subgroup analysis to explore the correlation of HER2 expression with time to progression (TTP) and OS.
Materials and methods

Patients selection
We retrospectively analyzed medical records of patients with metastatic pancreatic adenocarcinoma treated with either GS or AS as first-line therapy between April 2016 and December 2017 in Zhongshan Hospital, Fudan University. Eligible patients were required to have histologically or cytologically proven metastatic pancreatic adenocarcinoma. This study was approved by the ethical committee of our hospital and all patients have signed informed consent forms before we collected their medical records for researching purpose.
Treatment option
We would recommend nabpaclitaxel plus S-1 as frontline therapy because previous clinical trails already showed that both S-1 and nabpaclitaxel plus gemcitabine were associated with improved OS and less toxicity compared with gemcitabine alone (10, 17, 18) . Since nabpaclitaxel was quite expensive and was not covered by the medical insurance in China, gemcitabine plus S-1 would be an alternative for patients who could not afford nabpaclitaxel.
Study design
This study was a retrospective cohort, single-institution analysis. Its objectives were to compare the efficacy and safety of GS with that of AS as first-line treatment for metastatic pancreatic adenocarcinoma. The response rate was defined according to revised Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. Either computed tomography or magnetic resonance imaging was performed at baseline and then every three cycles until disease progression. Evaluations of treatment response according to the radiology reports were done by the same oncologist in a blinded manner. Toxic effects were graded using the Common Terminology Criteria for Adverse Events (CTCAE) version 4.0. HER2 expression was detected via immunohistochemistry of biopsy harvested tumor sample. The slides were reviewed by an pathologist in a blinded manner. The HER2 level were assessed by the immunoreactive score, which was calculated as the product of staining intensity (on a scale of 0-3) and percentage of positive cells (on a scale of 1-5) (19) . Sections with a score of more than three were classified as positive; otherwise, negative. Because of the retrospective nature of our study, no quality of life questionnaire was completed. 14. Both regimens were repeated every 3 weeks until tumor progression or intolerable toxicity occurred. Dose reductions or regimen adjustment were planned according to the severity of chemotherapy-related toxicity. Second-line treatment was not defined by protocol and was at investigator's discretion.
Study treatment
Data analysis
We tested normality and homogeneity of variance using ShapiroWilk test and Levene's test. Patient age, baseline serum albumin, baseline CA125, maximum standardized uptake value (SUV max ) of pancreatic lesion on PET/CT, median total dose of S-1 and median dose intensity of S-1 were compared using independent sample t-test. Baseline C-reactive protein, baseline CA199, baseline squamous cell carcinoma antigen (SCC) and SUV max of hepatic lesion were compared using Mann-Whitney U test. Sex, ECOG performance status (ECOG/PS), primary lesion location and metastatic sites were compared using Fisher's exact test.
TTP was measured from the first day of chemotherapy to the time of disease progression. OS was measured from the first day of chemotherapy to the time of death or last follow-up. The period of follow-up was estimated using the reverse Kaplan-Meier method. OS and TTP were calculated using the Kaplan-Meier method and were compared using the log-rank or Breslow test. The hazard ratio (HR) was calculated using univariate and multiple Cox proportional hazard regression modeling. Likelihood ratio tests of HER2 expression according to covariate interactions were used to examine the heterogeneity of the treatment effect according to prespecified subgroups of the treatment regimen. Statistical analyses were carried out using IBM SPSS Statistics version 22. Response evaluation based on RECIST version 1.1 was compared using Fisher's exact test. Adverse events were classified according to CTCAE version 4.0. and compared with Fisher's exact test.
Results
Patients characteristics
We retrospectively reviewed the medical record of 16 patients treated with GS and 22 with AS as first-line chemotherapy for metastatic pancreatic cancer in our institution between April 2016 and December 2017. Baseline characteristics were well balanced between the two groups. The median age was 62.6 years in the GS group and 62.1 years in the AS group. All patients were assessed as ECOG/PS 0 or 1 in both groups, except for one patient was assessed as ECOG/PS 2 in the AS group. Other patient characteristics are listed in Table 1 .
Treatment compliance
The median treatment cycles were 3.5 (range, 1-7, total 58 cycles) and 4 (range, 1-12, total 114 cycles), in GS and AS group, respectively. Median total dose of S-1 was 225 mg/m 2 In GS group, treatment continues as planned in 5 of 16 patients. Two patients had dose reduction because of chemotherapy-related toxicity. The rest of GS group patients discontinued treatment due to disease progression.
In AS group, 10 of 22 patients still receive planned treatment. Three patients had treatment response but discontinued chemotherapy due to patients' intention. Totally eight patients got revised regimen 
Univariate and multivariate Cox regression analysis of TTP and OS
Cox regression analysis for TTP was performed to identify potential prognostic factors associated with patient outcome. Because of small sample size, we assumed variable to be statistically significant when P value was lower than 0.2 in univariate model. We found that treatment regimen, age, metastatic sites, HER2 expression of liver or pancreas, and SUV max of pancreatic lesion were associated with TTP (P value = 0.017, 0.143, 0.131, 0.144 and 0.159, respectively). We then tested all these variables with multivariate Cox regression model. Only treatment regimen remained significant (AS to GS, HR = 0.032, 95% CI = 0.002-0.669, P value = 0.026). We further performed univariate and multivariate Cox analysis with OS as the outcome. Treatment regimen and HER2 expression of liver or pancreas were identified to have a statistically significant association with OS in univariate model (P value = 0.002 and 0.032, respectively), but only treatment regimen remained to be significant in multivariate model (AS to GS, HR = 0.172, 95% CI = 0.046-0.639, P value = 0.009). Other data are listed in Table 2 . We assumed variable to be statistically significant when P value was lower than 0.2 on univariate analysis because of small sample size. 
Subgroup analysis
Exploratory analysis by subgroups according to HER2 expression of liver or pancreas is shown in Fig. 2 . In the prespecified subgroup analysis, no significant TTP and OS difference were detected. The tests for interaction between treatment regimen and HER2 expression were 0.013 and 0.003 within TTP and OS subgroup analysis respectively.
Toxicity
All patients who received at least one cycle of chemotherapy were considered eligible for toxicity analysis (n = 38). The frequencies of adverse events in both groups are summarized in Table 3 .
No patients died from treatment-related cause in either group. The most common treatment-related adverse event was hematological adverse events in both group (31.3% and 45.5%, all grade; 12.5% and 22.7%, Grade 3 or 4, in GS and AS group, respectively) including anemia, neutropenia, and thrombocytopenia but remained statistically insignificant (P value = 0.506, all grade; P value = 0.675, Grade 3 or 4). However, we observed increased risk of sensory neuropathy in AS group (6 of 22 patients, 27.3%) while no patients experienced neurotoxicity in GS group (P value = 0.03, all grade). In addition, one patient was diagnosed with live abscess after two cycles of AS therapy.
Discussion
We conducted a retrospective analysis of metastatic pancreatic cancer patients who received GS or AS as first-line chemotherapy in our institution. When comparing efficacy of GS group, we observed increased ORR (42.1-6.7%, P value = 0.047), TTP (7.1-3.6 months, P value = 0.022), and OS (10.2-6 months, P value <0.001) in AS group. The Cox regression analysis showed that treatment regimen was the only variable significantly associated with TTP (AS to GS, HR = 0.032, 95% CI = 0.002-0.669, P value = 0.026) and OS (AS to GS, HR = 0.172, 95% CI = 0.046-0.639, P value = 0.009).
While efficacy of AS in the present study was similar to that of a recent Phase II clinical trial whose median PFS and OS were 5.6 and 9.4 month, respectively (16) , GS group seemed to have worse outcome compared with previous clinical trials especially worse OS (6 vs. 8.6-13.7 months) (7) (8) (9) (10) . Despite small simple size, this may be due to low socioeconomic status and treatment compliance of patients in GS group. Nabpaclitaxel was not covered by the medical insurance in China as I mentioned above and GS was an alternative for patients who could not afford AS. Some patients of GS group neither switch to second-line chemotherapy nor seek palliative care once progression occurred.
Suenaga et al. and our previous research both showed that nabpaclitaxel brought about significant stroma reduction and enhanced vascularization in the preclinical model (14, 15) . These were similar to Von Hoff's preclinical model of metastatic pancreatic cancer treated with nabpaclitaxel plus gemcitabine. They assumed that nabpaclitaxel reduced the dense of tumor stroma and may increase intratumoral concentration of gemcitabine (17) . Nabpaclitaxel may also facilitate the entrance of S-1 into tumor tissue more efficiently. Our previous research also implied that efficacy of nabpaclitaxel was better in HER2-positive xenograft mouse model (14) . Thus, we performed exploratory analyses of TTP and OS by subgroups according to HER2 expression of liver or pancreas. No significant TTP and OS difference were identified. But we still observed the trend that AS seemed to have better outcome of OS in HER2 positive patients (HER2 positive to negative, HR = 0.168, 95% CI = 0.022-1.27, P value = 0.084). This result may be due to the small sample size, but also emphasize the necessity for further investigation. Besides, previous study suggested that nabpaclitaxel was equal to or even better than polysorbate-based docetaxel in HER2 positive cell line PC3 and HT29 with medium to high albumin-binding protein SPARC (secreted protein, acidic and rich in cysteine) levels (20) . We shall, therefore, investigate SPARC expression in pancreatic or hepatic lesion for further research.
Combination of gemcitabine with either S-1 or nabpaclitaxel was related with more frequent chemotherapy-related adverse effect compared with gemcitabine alone in previous clinical trials (8) (9) (10) 12) . However, S-1 monotherapy showed less toxicity, especially hematological toxicity, when compared with gemcitabine (10, 13) . Besides, the recent Phase II clinical trial demonstrated manageable adverse events when patients with metastatic pancreatic adenocarcinoma were treated with AS (16) . In the present study, we found increased risk of sensory neuropathy (27.3% to 0, P value = 0.03) and increased rate of hematological toxicity (45.5-31.3%) although it was not statistically significant (P value = 0.506). However, we still suggested that complete blood count test and sensory symptoms such as feelings of numbness should be closely monitored for both groups.
AS does yield a better clinical outcome for metastatic pancreatic cancer patients than GS in our study, even though we must point out that this retrospective analysis was based on quite a small sample in one institution. These results should be confirmed by additional, prospective randomized trials.
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